LIST OF 
RUSSIAN METEOROLOGICAL PAPERS 


PUBLISHED FROM 


1950 to 1955 


Prepared by the Academy of Science of the U.S.S.Ro 
for presentation to the International Association 
of Meteorology at the XI General Assembly of the 
International Union of Geodesy and Geophysics, 


Toronto, Ontario, Canada, September, 1957. 


LIBRARY 
bCiciL INSTITUTE 
a7 1961 
Translated by veal : 
Ae Nurklik 
Meteorological Branch 
a 


f 
va Toronto 


f 


| 


PALARRAM | 


: ical 
‘List of Russian Meteorolog 


Papers publ. from 1950-55. 
apers - ft 


Date Due 


FOREWORD 


The Eleventh General Assembly of the International 

Union of Geodesy and Geophysics was held in Toronto, 
September 3-14, 1957. Approximately 1500 individuals 
from 60 countries took part in its sessions. The 
International Association of Meteorology and Atmospheric 
Physics together with the other six member Associations 
ran a series of individual and joint meetings. The 

Union of Soviet Socialist Republics sent a large 
delegation to the Assembly and took an active part in 

the meetings. In order to inform other countries of 

the work the U.S.SoRo was carrying out in meteorology, 

a Bibliography was prepared of the U.S.S.R. publications 
in this field largely covering the years 1950-55. It 

was thought that this Bibliography would be of considerable 
interest to the world of meteorology and so this trans- 
lation was prepared and distributed by the Meteorological 
Service of Canada. 


Andrew Thomson 
Director 


Department of Transport, 
Meteorological Branch, 
O15 Bloor Street, Wes 
Toronto, Canada. 
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TRANSLATOR'S NOTE ON ABBREVIATIONS USED 


Publications 


Astron/omy, etc. 
Bull /etin 

Geog/raphy, etc. 
Hydr /ology, etc. 


Hydromet/eorology, etc. 


Inst /itute 

J /ournal 
Math/ematics, etc. 
Mech/anics, etc. 
Met /eorology, etc. 


Obs /ervatory 
Pap/er, etc. 
Prob/lem, etc. 
Publ /ishing 

Re /search 
Sci/ence, etc. 
Soc /iety 

Univ /ersity 
Vol/ume 


Soviet Institutions (Translated or transliterated) 


Acad. Sci for 
CAO for 
CA Hydromet S_ for 
CFI for 
GITTL for 
MGO for 
SSR for 
USSR for 
VGMF SA for 
VGMO for 
VGO for 


Academy of Science 

Central Aerological Observatory 
Chief Administration of the 
Hydrometeorological Service 
Central Forecasting Institute 
State Publishing House of 
Technical and Theoretical 
Literature 

Main Geophysical Observatory 
(VOIEKOV'S Observatory) 
Soviet Socialist Republic 
Union of Soviet Socialist 
Republics 

Military Hydrometeorological 
Faculty of the Soviet Army 
Military Hydrometeorological 
Observatory 

Military Hydrological 
Observatory 


The meanings of the following transliterated Russian abbreviations for their institutions 


occurring in the translation are unknown: 


KOLL, LIOT, OGMI, SHETF, UFN. 


Transliteration of Russian authors' names has been made in conformity with the method 
adopted by the Congressional Library of the USA, and the RUSSIAN geographical names 
according to the method adopted by the Board of Geographical Names, Department of the 


Interior, USA. 
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LIST OF 
RUSSIAN METEOROLOGICAL PAPERS 
PUBLISHED FROM 


1950 to 1955 


Academy of the Science of the USSR 
Committee of Geodesy and Geophysics 


Information on Scientific Research in Meteorology 
To be presented 
to the International Association of Meteorology at the XI 
General Assembly of the International Union of 


Geodesy and Geophysics 


A publication of the Academy of Science of the USSR 


INTRODUCTION 


The present report reflects the scientific research activities of the USSR from 1950 - 
1955 in the following fields of meteorology: climatology, synoptic meteorology, dynamic 
meteorology, actinometry, atmospheric optics, physics of cloud and precipitations, physics of 
the surface layer of air and atmospheric turbulence. 


Together with the following literature references it is expedient to present a short list 
of textbooks, reference books and exhaustive monographs on special problems published during 
the above mentioned period. In the latter category belong: 


i ES "Text book of Meteorology" (physics of the atmosphere), edited by P.H. Tverskoi 
(1951, 878 pages), an educational accessory for hydrometeorological institutes and universities. 
(Available in our library. Translator.) 


2% "Basic Principles of Dynamic Meteorology", edited by D.L. Laikhtman and M.I. Judin 
(1955, 647 pages), an educational accessory for students and research workers. 


3. "Meteorological Instruments." V.H. Kedrolivanskii and M.S. Sternzata (3rd edition, 
1950, 540 pages). This contains the description and theory of contemporary meteorological 
instruments as well as instruments of radiation, atmospheric optics and atmospheric 
electricity, etc, etc. 


4. "Physics of the Atmosphere" by A. KH. KHRGIAN (1953, 456 pages), a textbook for 
universities and hydrometeorological institutes, containing a comparatively detailed physical 
and mathematical analysis of some meteorological problems. 


Do. "Basic Principles of Aviation Meteorology" by L.T. MATVEEV and P.1. SMIRNOV 
(1955, 335 pages) - contains in a compact form contemporary principles of general and synoptic 
meteorology and demonstrates their practical application, particularly in weather forecasting. 


om "Textbook of Climatology." B.P. ALISOVA, O.A. DROZDOV, and E.S. RUBINSHTEIN 
(part I, general climatology and climatological methods of data processing, 1952, 487 pages} 
part III, the climate of the world, 1954,320 pages, a recommended text and reference book 

for higher educational institutions and for specialists in the field of climatology. (Parts I and 
Il available in our library. Translator). 


7. "Climatology''by S.I. KOSTIN and T.V. POKROVSKII, (1953, 425 pages) a textbook 
for agricultural institutes and agricultural specialists. Considerable space is devoted to the 
discussion of climatological methods. 


8. "Manual of Shortrange Forecasting", a publication of the Central Forecasting Institute 
(part I and IJ, 1954-1955) summing up in compact and practical convenient form the con- 
temporary methods of synoptic forecasting, illustrating the latter with many examples and 
themes. 


oe "Dynamic Meteorology", by K.T. LOGINOV (1952, 150 pages), a compact and com- 
paratively elementary account of the basic principles of contemporary dynamic meteorology. 


Among the published monographs on meteorological problems should be mentioned: 


1. "Radiant heat of the Sun", by K.IA. KONDRATEV (1954, 600 pages) together with his 
recent book ''Radiant exchange of heat in the atmosphere" (1956, 420 pages). This 
appears to be the most extensive review in the world on radiation processes in the 
atmosphere, reflecting the present state of affairs in this branch of science in the 
Soviet Union as well as abroad. 


2. "Atmospheric Ozone", by IA. PROKOFEI (1951, 231 pages), a compact but 
nevertheless exhaustive account of results of scientific research in the field of 
atmospheric ozone. 


3. "Clouds, precipitation and the thunderstorm electricity" by N.S. SHISHKIN (1954, 280 
pages) is devoted mainly to the study of physical processes in clouds and to their 
mathematical treatment, also covering the formation of precipitation (particularly in 
convective clouds). 


4. "Ice in the Atmosphere" by A.D. ZAMORSKII (1955, 377 pages), isa complete 
description of different forms of solid precipitation, their growth and decay, statistics 
conditions of observation and process of settling down to the earth surface, 


I CLIMATOLOGY 


General problems, educational accessories and courses 
In 1951-1954 a number of papers were published on the contemporary state of climatology 
and on trends in its future progress (1 - 35). 


An exhaustive discussion of the above problems took place at the meeting on climatology 
organized by the Chief Administration of the Hydromet. Service in June, 1953. The proceedings 
of that meeting were published in 1954 in the collected volume "On the contemporary state and 
future trends of climatology" under the editorship of M.I, BUDYKO. 


Radiational factors of the climate 


In recent years many papers have been published on the problem of radiation factors of 
the climate. Most of them deal with the study of radiation and heat balances. 


In the papers of the research staff of the Main Geophysical Observatory (MGO) were 
developed, for the first time, the maps of the components of the radiation and heat balance over 
a number of territories (41-50, 52, 57, 58, 60). 


This project was completed with the publication of the "Atlas of the Heat Balance" (40), 
containing 56 maps for the annual and monthly mean components of radiation and heat balance 
over the whole world. ; 


Many papers deal with the study of radiation and heat balance over individual regions by 
specially organized observations. Most outstanding among the latter are the studies by research 
workers of the Geophysical Observatory of the University of Tashkent (36-39, 51, 53-56, 59, 
61-63). Particularly, the variation of heat balance over different kinds of the ground surface 
and the effect of artificial irrigation has been the object of a detailed study. 


Circulation factors of the climate: circulation of moisture 


In recent years the circulation components of the climate have been studied throughout 
the northern hemisphere (64, 65, 73, 74, 80, 83, 85, 89, 100-104, 107-111, 113, 114, 120, 
122) as well as on the scale of individual regions or individual phenomena (66-69, 75, 76, 88, 92, 
96-99, 105, 119, 121). 


The first group of works deals with the study of synoptic macroprocesses over large 
areas of the earth's surface and their relationship with the circulation indices and their role in 
the variation of climates. The second group comprises the studies of factors determining the 
general characteristics of the climate of different regions of the USSR and also development of 
various processes and phenomena (for example dry winds) or weather and climatic conditions 
(for instance precipitation in the south-east of the European USSR). 


Much attention has been paid to the research on the circulation of moisture in the 
atmosphere, particularly from the viewpoint of the possibility of diverting it in connection with 
measures foreseen in the plans of modification of climate (70, 72, 77-79, 86, 87, 90, 91, 93-95, 
103, 106, 112, 115-118, 123-126, 128). 


A large symposium was held on this topic at the Institute of the Geography of the Academy 
of Science of the USSR. The proceedings of that meeting have been published in (81). 


Theory of Climate: Changes and variations of the climate 


In works on the theory of climate (134, 142, 149, 150, 155) research was extended to 
the theory of the general circulation. Proceeding from basic principles of hydrodynamics a 
theoretical explanation was derived for the distribution of temperature, pressure, wind etc. 
etc., in the earth's atmosphere. Simultaneously it succeeded in evaluating the effect of the 
different types of working surface, albedo, evaporation, condensation, etc. etc. 


Many studies have been devoted to the problem of climatic change during historical and 
pre-historic times. In works (129-133, 135-141, 143-148, 151-154) evidence is presented for 
short-range fluctuations and long-range changes in the thermal and moisture regimes Over 
different territories. Particularly detailed study has been made on the general warming trend 
of the climate during the last ten years and on the problem of the beginning of a new period in 
the change of climate. In some of the above-mentioned studies use has been made of data on 
the variation of solar activity (157-159). 


Climatic factors of natural processes 


Most of the work devoted to the study of climatic factors by natural processes 
investigates the relationship between climatic conditions and the components of hydrological 
processes: evaporation, runoff, intensity of snowmelt, etc. (161-164, 166, 167, 169-181). 


The dependence of the zonal distribution of soil on the climate is studied in the mono- 
graph (165), published in 1953. 


The relationship between the climatic conditions and the main geographical zones is 
discussed in (160) and (168). 


The amelioration of climate: Studies on local climates 


In recent years a substantial number of our climatologists have participated in the study 
of hydrometeorological effectiveness of amelioration projects. 


A great number of studies have been devoted to research on effects of artificial 
irrigation on the climate of the surface layer of the air. The effect of artificial irrigation on 
radiation balance, different stages of heat balance in different conditions of plant cover, soil 
temperature, conditions in the surface layer of air, nightfrosts, the length of vegetation period, 
etc., have been discussed in (182, 183, 188-191, 194, 195, 197, 200-203, 205, 208, 211-214, 
217-219, 224-230, 235, 238, 239, 241-244, 249, 251-258, 265-268, 271, 272, 274, 275, 277, 
285, 288, 289, 293, 294, 298-300, 302-304, 307-309). The effect of field-protecting forest 
belts on the meteorological regime, on turbulence and circulation of the air, and in particular, 
on the heat balance, snow cover and temperature of the soil, and length of the vegetation period 
have been the subjects of papers (184, 185, 187, 192, 193, 195, 198, 189, 204, 240, 245, 246, 
one 250, 259-264, 269, 270, 273, 276, 279-281, 283, 284, 286, 290-292, 295, 296, 301, 305, 
306). 


A number of papers deal with the change of climatic conditions resulting from drainage 
of marsh lands (186, 210, 221, 227,278, 282). 


Since the methods of the latter studies are closely related to the methods of the study of 
the peculiarities of the local climate in different geographical regions there are a considerable 
number of works dealing with the study of local climate in regions of amelioration projects. 


Agroclimatology: Phenology 


Scientific works in this field, regardless of their research problems, have a clearly 
defined practical goal: to improve the conditions for plant growth and to increase agricultural 
yields. 


The subject of these studies has been the relationship between hydrometeorological and 
climatological conditions and the individual agricultural crops and their yields, the effect of 
unfavourable weather on the growth of crops and the deviations from the general rules covering 
the interaction between the climate and agricultural plants. The influence of agriculturally 
exploited irrigated soils on the climate of large regions, for example, in Mid-Asia, have been 
studied in (311-376). 


In particular, attention should be drawn to the studies dealing with the artificial irrigation 
hitherto unused soils in the eastern part of the USSR. 


A great effort has been directed to the evaluation of agroclimatological and hydrological 
resources of regions of virgin and unused soils earmarked for agricultural exploitation by 
artificial irrigation. 


Climatography 


Climatographical works of the USSR have encompassed many parts of the globe, including 
the Antarctic. Particularly exhaustive have been these studies in the different regions of the 
USSR. Many climatic reference books have been published, containing the results of digested 
observational material. The climate of various parts of the USSR has been the subject of 
corresponding monographs and articles. The conditions for formation of individual climates 
and weather phenomena have also been studied (377-425). 


Methods of working up and generalization of observational data 
Of great importance among these studies have been the problems related to heat balance 
and to its individual components, in particular, to the climatological computation of heat 


balance. 


The methods of climatographical preparation of observational data are exhibited in 
works which deal with complex climatology and the mechanical processing of data (426-449). 
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Il SYNOPTIC METEOROLOGY 


Results of a great number of research papers by Soviet authors in the field of synoptic 
meteorology, as well as the experience of forecasters of the Hydrometeorological Service, in 
particular those of the Central Forecasting Institute in composing different types of forecasts, 
are compiled in a collective work (1) published under the title: 'Manual of Shortrange 
Forecasting - This book, taking cognizance of published research results by Soviet and foreign 
meteorologists, is the first of its kind. The "Manual" consists of two parts and contains 
sufficiently complete systematic account of current synoptic methods of shortrange forecasting. 


A more detailed discussion of problems referred to in "The Manual" can be found in the following 
literature references from 1951-1956. : 


The general problems of cyclogenesis and anticyclogenesis, the theory of local change 
of pressure, temperature and moisture of the atmosphere, being quite essential factors in the 
contemporary state of our science, have been discussed in papers (2-29). 


Papers (30-36) deal with the vertical motions in the surface layer of the atmosphere and 
with their calculations from the pressure and windfield. 


Synoptic-empirical research papers (37-76) discuss the space structure of pressure 
systems, conditions of their development and motion as well as the changes caused by them and 
by other factors in the pressure and temperature fields at different levels of the atmosphere and 
in different physical-geographical regions of the USSR. 


Papers (77-88) analyze theoretical models of frontogenesis, space structures of 
atmospheric fronts and cloud systems, the micro-structure of clouds and results of studies of 
airmass clouds, their development and structure. 


Studies of organized vertical motions are essential to the analysis and derivation of 
quantitative forecast methods for showers and steady rains. Therefore, much attention has 
been paid to the theoretical as well as to the empirical study of shower-developing factors and 
the vertical motions in frontal zones. The results of these studies, as well as the results of 
studies of individual elements of the weather (cloudiness, fog; nightfrosts, snowdrifts, etc., 
etc.) and methods for forecasting them are discussed in papers (89-150). 


A great number of empirical studies in synoptic meteorology were carried out in 
connection with an attempt to improve our synoptic long range forecast method. Papers (151- 
167), making use of aerological data, deal with the individual aspects of Multanovski's method 
(for example with natural synoptic periods and seasons, extreme seasons, etc., etc.). 
Methodical problems of long range forecast methods based on our knowledge of the general 
circulation of the atmosphere and on its relation to the interaction of surface and solar activity 
are discussed in papers (168-182). The possibility of long range forecasting by other methods 
and other related problems of synoptic meteorology are analyzed in papers (183-194). 


Fundamental principles of a macro-circulation method of long range forecasting for the 
Arctic have successfully been worked out by the Arctic Research Institute (195-196), enabling 
one to forecast weather 4-5 months ahead as is necessary for composing long range ice 


forecasts. 
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lil DYNAMIC METEOROLOGY 


The review of basic research in dynamic meteorology (ending with 1953) is given in the 
textbook (1), which contains also a number of more recent results and methodical generalizations. 


In recent years much attention has been given to the problems of the general circulation 
of the atmosphere and to the related problem of computing the mean distribution of temperature 
in the atmosphere. Improvements in and the application of theories of the general circulation, 
suggested by N.E. KOCHIN (2, 3) and E.H. BLINOVA (7), are reported in papers (5, 8, 15, 18, 
45, 56-59, 81, 90-91). Application of the same ideas to the monsoon circulation is discussed 
in (60). The models of the atmospheric circulation are studied in (26). Papers (64, 65) analyze 


the annual variations of the speed of earth's rotation in conjunction with the atmospheric 
circulation, 


Problems of the horizontal mixing, on a scale comparable with that of general circulation, 
are studied in (48, 49, 71). 


Various aspects of the theory of the distribution of temperature in the atmosphere are 
discussed in (9, 42, 43, 46, 61, 65, 86, 87, 96). A joint computation of the distribution of 
temperature and the heat flow is carried out in (67). 


Papers (29, 36, 54) widen the research scope of the effect of orographic factors on air 
moisture, the basic principles of which were laid down by N.E. KOCHIN and A.A. DORODNITSIN. 
Further development has also been made in the theory of convective motion in the atmosphere, 
in particular, that of seabreezes and mountain-valley winds (4, 12, 23-25, $8), etc. 


A great number of studies have been devoted to the theory of air mass transformations 
and to its application. In the paper of SHVETS (93) it is shown that the method suggested by 
the author for the solution of parabolic type equations can successfully be applied to the problems 
of boundary layers and, in particular, to the problems of modification of air masses. 


The monograph of M.E. BERLJAND (6), summarizes his year-long study of the theory 
of heat transformations in air, of the daily variation of meteorological elements, the application 
of these theoretical results to forecasting and of practical modification of the meteorological 
regime in surface layers of the air. The same problems are also discussed in papers (13, 19, 


30, 35 and 89). 


The effect of the non-geostrophic nature of the wind in the free atmosphere on the wind 
at the boundary layer of the atmosphere is discussed from different points of view in papers 
(50, 55, 70). A number of papers have been devoted to deriving methods for computation of 
the vertical velocities (52, 63), etc., in particular those in the boundary layer (40, 44, 47) and 
in the regions of fronts (28, 31, 41). The effect of vertical velocities on evaporation and con- 
densation of water vapour in the atmosphere have been studied in papers (94, 95, 97) and others. 
Papers (76, 78-80, 88, 89) and others define more precisely the individual states in thermo- 


dynamics of the atmosphere. 


The study and interpretation of I.A. KIBEL'S method of forecasting the pressure and 
temperature continued through the early fifties, (10, 37, 53, 72, 82). In 1949, A.M. 
OBUKHOV (62) applied the vorticity equation to the analysis of non-stationary atmospheric ; 
processes. From 1952 on, the vorticity equation has been used in conjunction with the equation 
for heat flow as a basic tool in forecast studies by the methods of dynamic meteorology. In 
studies along these lines (16, 51, 73, 77, 102), different factors influencing the variations of 
pressure in the mid-troposphere, among them the effects of orography and fronts, are studied. 

d for computing the local pressure variations from the initial windfield is derived in 
A eee 84, 85). In papers (20, 32, 75) some new aspects of the departures of the actual 
papers ( i Pagetrophic wind are discussed. In paper (38), a quite comprehensive treatment 
ee seam A the non-stationary processes is given and in (62) a suggested idea of adapting 
Be tec petield to the windfield is materialized. Paper (99) suggests transformation of 
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coordinate for greater accuracy in the equations used in numerical prediction of the pressure 
pattern, 


The structure of meteorological fields in regions of large scale motions and the 
characteristic values of space and time derivatives are studied in papers (11, 74, 90, 100, 101). 


Paper (101) investigates the loss of precision of equations in atmospheric dynamics 
(the equations of vorticity and divergence included) resulting from different simplifying 
assumptions; whereas paper (90) studies this problem from the viewpoint of the empirical 
"functions of influence" for utilizing them in numerical prediction. 


Individual problems in atmospheric dynamics have been treated in papers (21, 22, 27, 
33, 39, 68, 69) and in others. Many papers having dynamic as well as synoptic importance 
have been listed under "synoptic meteorology". 
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IV ATMOSPHERIC OPTICS AND ACTINOMETRY 


The present chapter briefly reports on the most important research results in atmospheric 
optics and actinometry obtained in the USSR from 1950 up to the present. The report limits 


itself to the discussion of purely optical problems leaving aside some of their applications (for 
example in heat balance, etc.), 


Optical properties of the elements of the Atmosphere. Molecules 
—— ee tne AtmoOSpHEere. Molecules 


Absorption of radiation by water vapour in the neighbourhood of the infrared spectral 
band has been studied experimentally. Considerable departures from the Bouguer-Beer's law 
in the region of partial pressures 10 - 100 mb (1) have been established. In conjunction with the 
non-fulfilment of the Bouguer-Beer's law in the atmosphere a method for calculation of the 
absorption of radiation by molecules of H,O and CO, has been derived from experimentally 
established transmission functions (2, 5). Also studied was the reverse problem of the 
determination of water vapour content by spectroscopical method (3). 


Particles of Aerosol and Clouds 


Studies of the theory of scattering of light by small particles in the atmosphere had the 

following main objectives: 

the elimination of various uncertainties in the 

theory of scattering, the development of 

approximate methods for calculating scattering 

by large spherical and non-spherical particles 

and the tabulation of accurate equations. A 

general review of results obtained 
and a systematic discussion of the problem can be found in (9), a more detailed analysis of 
particular items in (7, 8, 10-14). From the specific results obtained we should point out the 
clarification of the paradoxical doubling of the coefficient of extinction for the larger particles, 
the explanation lies in the peculiarities of diffraction in scattering at a particle. Interesting 
resonance phenomena in the scattering of light by small particles were discovered (9). Detailed 
calculation of the coefficients of scatter and polarization of light in the visual range by the 
largest of waterdroplets which occur in the atmosphere was accomplished in (7). This was later 
extended to the ultraviolet and infrared spectral ranges (20). The departure of accurate 
diffraction equations from the equations of geometrical optics was studied theoretically (10) and 
the coefficient of scatter by a cloud droplet was computed (9). The scattering of light on large 
transparent droplets of spherical and arbitrary form was studied experimentally in (4). It was 
found that the coefficients of non-spherical particles are more uniform than those of spherical 
particles . The peculiarities of the heat radiation of small particles have been studied 
theoretically (9), also those of waterdroplets in conjunction with the effect of radiation fogs on the 
radiation balance of the earth's surface (13). In (8), an approximate method is derived for the 
scattering of light involving only simple equations, even for non-spherical (ellipsoidal) particles. 


The conditions in which the scattering of light by individual particles in a volume can be 
considered as incoherent are studied in (12). A model for the scattering of light by arbitrary 
two layer particles has been derived (15) and a detailed computation of radiation properties of 
cloud droplets in the infrared spectral range (ap thy essed hag bia ve ean carzacine wer ae 
effective cross-section of small particles for the scattering below 20 angle is studies in (17). The 
reverse problem - the utilization of experimentally obtained coetticients of scattering for 
determination of the distribution curve of sizes of aerosol particles is also accomplished: This 
problem is closely related to the conditions at which the so called “coronae” can be observed 


(18, 19). 
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Theory of radiation transfer in a cloudless atmosphere 


The studies of the theory of radiation transfer have been pursued along the following 
lines: 
To apply the radiative heat transfer to problems of thermodynamics 
and dynamic meteorology; 


To apply the scattering of shortwave radiation of a cloudless atmosphere to the 
problems of atmospheric optics, visibility, and aerial photography. 


The review on these results is given in (26, 27) also one in connection with the thermal 
regime of the surface layer in (21). The most important of these results will be surveyed in 
the following. 


The Transfer of Black Body Radiation 


The distribution of solar infrared radiation in the atmosphere and the influx of heat due 
to its absorption is computed in (32) and (35). The radiation equilibrium of the gas envelope 
surrounding an absolutely black sphere is calculated in (30). New treatments of and models 
for spectral absorption by basic absorbing substances are reported in (27). Methods for 
computing the selective absorption in the sroblems of heat exchange have been worked out in 
(27, 51). The vertical distribution of temperature resulting from integration of all forms of 
heat exchange has been accomplished. The vertical distribution of temperature resulting 
from schematically considered selective absorption is studied in (33, 34, 48). 


The Scattering of Shortwave Radiation 


Great effort has been made for the development of mathematical solutions for the 
equations of transfer (24, 25, 31, 47). Calculations have been performed on the intensity of 
scattered light in the atmosphere and for the different coefficients of turbidity resulting from 
the scattering of light at spherical and non-spherical aerosol particles (28, 29, 46). Exact 
methods have been developed for the computation of flux of black body radiation in a medium 
(23, 43). In (17), an exact method is given for the determination of the distribution of light 
inside an absorbing medium; in (42, 44, 45) statistical methods have been developed for the 
solution of problems related to the scattering of light. Methods have been derived for the 
approximate calculation of multiple scattering from the brightness of the daytime sky in order 
to free the results from the scattering of higher orders (23, 38, 39, 40, 43, 49, 50). In these 
papers (40, 49, 50) account is taken of the spherical form of the earth. The studies of the 
diffusion of light in the atmosphere, taking into account the polarization of light (41), and those 
on the mathematical basis of the theory of radiative heat transfer (22) should be mentioned. 


The transparency, brightness and polarization in a 
cloudless atmosphere 


The laws governing the flux of solar radiation at the earth's surface have been studied 
experimentally and theoretically in (52, 60, 64, 73). Some results have also been obtained on 
the daily variation of spectral coefficients of the transparency of the atmosphere (65). 


The pyranometric investigations of the absorption of global radiation by different layers 
of the atmosphere, carried out on board of airplanes and by free balloons, are reported and 
discussed in (54, 57, 62, 53, 74, 75). According to these results the measured global radiation - 
is 11/2 times larger than that computed by the known equation of MULLER. 
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Papers (56, 59, 78) 


study the distribution of energetic and visual bright t 
Papers (66-72) deal with t g and visual brightness over the sky. 


he studies of the coefficient of scattering for the whole atmosphere 
and develop a Simple method for its calculation from the brightness of the sky. The optical 
properties of the atmosphere in mountains have been studied in (73). A good agreement has 
been established between the measured and theoretically computed results of the effective 
radiation at the earth's surface and, particularly, the advantages of a new radiation nomogram 
have been pointed out in (58, 76). Measurements by free balloons up to 8 km have confirmed 
that the effective density of water vapour is proportional to the square root of pressure (77). 
Studies of the distribution of back radiation over the clear sky enabled us to determine 
experimentally the coefficient of diffusion which amounted to 1.68 + 0.05, and the integral 
function of the absorption (55). Longwave radiation from the ground was successfully utilized 
for the experimental determination of the mean temperature of the earth's surface (53, 61). 


Optics of Clouds and Fogs 


A general analysis of the problem is given in the book (92). Studies on the transfer of 
longwave radiation in clouds and fogs were organized along the following lines: 


The main emphasis was laid on the study of microphysical processes involved in the 
absorption and scattering of radiant energy by liquid water droplets. The results obtained have 
been utilized in (92-96) for the development of a model for radiation processes in clouds, being 
based on an approximate solution of the equations of SCHWARZSCHILD. 


Investigations, based on the solution of accurate equations of longwave radiative transfer 
under simplifying assumptions in respect of scattering and absorbing properties of the clouds 
are reported in (85, 87-90). Interesting results have been obtained in experimental studies of 
multiple scattering in a turbid medium (86). 


Measurements of the transparency of clouds in mountain conditions (Elbrus) has yielded 
results which are in satisfactory agreement with theory. Success was achieved in developing 
an optical method which enables one to investigate separately the liquid and gaseous phase in 
a cloud (82). Direct measurements of the longwave radiation flux in a cloud by an aircraft have 
given results which are in fair agreement with those obtained from theoretical considerations 
(84). A detailed investigation of reflection, transparency and absorption of solar radiation by 
clouds of different form is reported in (91). 


Reflecting Properties of Natural Surfaces 


Investigations in this subject have been conducted for surface conditions as well as at 
higher elevations on board an aircraft. For a general review of this problem see (109, 111). 


nts at the earth's surface. The laws governing the spectral and angular 

Wee cisiceao over different soils, plant cover, snow and ice have been studied in (93-95, 
97-102, 106, 112, 113, 115, 118, 120). Asa rule, the albedo decreases with increasing 
elevation of the sun, as a result of both the variations in the angle of incidence of the sun rays 
and in the spectral composition of sunlight (105, L038, 112). Albedo of water bodies depends on 
the turbidity of the water and on the state of agitation of the water surface (26, 107 ; ‘110, 118). 
New and more up to date calculations of albedo for the earth have been carried out; it is 

ished that the meteorological method of deter mination of the albedo of the whole globe 
establis e ith the photometrical method (96, 103, 117). A considerable anisotrophy of reflected 
coincides with t uN perere is established in (101). In the infrared part of the solar spectrum, 
Sok eave, cot ive of natural surfaces had an order of magnitude of about 30 - 40% (121). 
ne Seeuiriss oe spectral reflecting of an albedo unit meter - Barium covered paper - has been 

" 


investigated in (102). 
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Measurements in the air The albedo of some surfaces has been determined from an 
airplane (99, 113), and from free-balloons (116). It is established that sometimes the albedo 
increases with height, sometimes decreases (119). The dependence of pyranometer readings 
on pressure (i.e. on the height of flight) is studied in (104). 


Actinometry. Instruments and Methods of Measurement 


Beside the theoretical investigations in actinometry, the practical side of the problem: 
the methodics and techniques of measurement - , have been the subject of many papers. 
Whereas in prewar years the actinometric measurements program at a few observatories 
consisted of atmospheric transparency and global radiation as the macroclimatic radiation 
characteristics, in recent years actinometric measurements have been introduced, in selected 
places, into the meteorological network and the observation times have been made to coincide 
with those of climatology (15). 


The main emphasis in the observation program is now laid on the measurement of 
components of the radiation balance of global as well as of shortwave (0.3-4) radiation by 
actinometers, pyranometers and balance meters. Individual investigations in the neighbourhood 
of stations have been carried out for the determination of the radiation regimes of prevailing 
surface types in the vicinity of stations. Albedo of the earth is measured with pyranometers 
facing the earth's surface. The time intervals between the direct observations is 3 hr. during 
daytime and 6 hr. at night. 


Older actinometric stations were equipped with separate sensitive recorders for the 
recording of global and sky radiation, to which in some stations was added also a radiation 
balance recorder. The newer stations are equipped, as a rule, with one three-component 
recorder for recording these elements. Also photo recorders, electronic and mechanical 
recorders are in use at individual stations. New mechanical galvanographs are in construction 
for stations not having alternating current. In the construction stage are also automatically 
integrating recorders. 


The actinometric network of the USSR employs Savinov type thermoelectric actinometers 
having an increased sensitivity and a 10° aperture angle, which is twice as large as that of the 
receiving element. The same aperture angle is used in balance meters and sky radiation 
pyranometers. The sensitivity of the actinometer is about 7 mv. per 1 cal/em? min. with an 
internal resistance of 15 ohms. Inertia lag of the instrument is about 20 seconds. 


The square thermopiles of pyranometers under glass domes have a sensitivity 8-11 mv. anda 
30 second time lag. The dependence of the sensitivity of each instrument on the incidence angle (being 
mainly a result of employing domes) is known and is taxen account of in working up the recordings. 


At present, the selectivity of parameters and the effect of this on the measurement of 
scattered radiation is being investigated. 


Balance meters with large heat conduction through their bodies and with 340 thermocouples 
of constantan silver, have at 60 ohm resistance a sensitivity of 7 mv. which decreases by 2-2.7% 
per 1m/sec. increase of wind speed. The latter is determined by wind meter. Artificial 
ventilation of balance meter in calm conditions has not, so far, been practiced. However, the 
effect of wind on the readings of the balance meter is now under investigation. The selectivity 
of the instrument has been investigated. A new type of Savinov gyrgeometer has been employed 
at some stations recently. 


All these four instruments are successively connected to a single pointer-type galvan- 
ometer enclosed in a high gloss white case on a tripod which permits its use in field studies of 
the radiation. In recent times, improvement of pyranometers and balance meters and adaption 
of their parameters to galvanometers have been commenced. A project is under way to introduce 
into the service radially symmetrical pyranometers which have a standard sensitivity of 5.7 
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ohms, a resistance of 19 ohms 
The project also foresees the i 
constantan thermopile having 


» a Smaller error on account of the battery and a lag of 10 sec. 
ntroduction of a low resistance balance meter with a brass- 
the above sensitivity and resistance. 


A metal mounting base has been devised for instrument which permits of their rapid 
levelling off and which exposes always the same side of the insturment to the sun. 


Simultaneously with the readings of pyranometer and balance meter, the actinometer is 
also read off on a Separate galvanometer for the purpose of checking the determination of albedo 
and radiation balance in variable radiation conditions. 


The thermoelectric actinometer or bimetalic actinometer of MIKHELSON serves in the 
capacity of control instrument, except at some stations using the pyrheliometer. Beside the 
Angstrom type pyrheliometer of Soviet make a modified version (by VOLOSHIN) is also used 
which has a circular aperture and a higher sensitivity of the thermopile. 


Attention is also drawn to the bolometric pyrheliometers with circular aperture suggested 
by VIUSHKOV and SKALIAROV. The aperture angles of the latter are equal to those of the 
actinometers. 


The network of stations measuring illumination has shrunk to 5 at the present time but 
will be expanded during the IGY. The recording instruments for ultra-violet radiation are in 
the testing stage at present. 


The methodics of actinometric measurement have been published in ''Procedures", 
1947, which in some respects has already become out of date and has been supplanted by 
methodical circulars (151). A new manual for actionometric measurements is in the publishing 
stage at present. 


Manuals for calibration describe the methods of calibration of instruments for the 
actinometer or pyrheliometer and for an artificial source of radiation. Contemporary 
radiation instruments have been described in the recent book by V.N. KEDROLIVANSKII, 


Visibility In connection with research on the visibility of distant objects and lights, 
a detailed study on threshold of visibilities and on other related characteristics has been made 
Fedele 12,128, 129, 131,143). 


Many investigations have been devoted to improvement of the methods of measuring 
visibility. The Main Geophysical Observatory has constructed a new visibility instrument the 
'teontrast meter" which is based on the extinction principle with increased brightness of the field 
of view (133-138). A uniform method for visual measurement of visibility by contrasts of 
distant objects has been worked out (123-125, 129-132, 140, 143). The visibility of real objects 
and lights in natural conditions has been investigated in (124-126, 129, 139-142, 144). 


Atmospheric ozone The measurement of atmospheric ozone by its absorption of 
radiation in some ultra-violet spectral band has been studied both theoretically (145) and 
practically (149). Some results of ozone measurement are reported in (146-148) and in the 


monograph (150). 
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V_ PHYSICS OF CLOUDS AND PRECIPITATION 


During the period 1950-1956 studies in cloud and ipitati i i 
precipitation physics were pursued in 
the USSR along the following lines: ’ 


' To devise instruments and methods for investigation of the structure of clouds and 
precipitation, as well as of the size, structure and chemical constitution of cloud and 
precipitation elements, the water content of clouds, intensity of precipitation, etc., etc. by 
special flights in clouds, by stationary constant level balloons and at mountain stations a 
large volume of observational data has been collected. A great amount of laboratory work has 
been devoted to the study of the processes of evaporation, condensation and coagulation of 
droplets and of the effect of the solid phase on these processes, etc. A number of laws governing 
the distribution of the size of cloud and precipitation elements, their coagulation and trans- 
formation, as well as the mechanism for the development of different forms of precipitation 
have been brought to light. The results of these studies are reported in papers (1-48). 


The characteristic distribution of certain meteorological elements in clouds have been 
investigated. The instruments and methods for studying convective motion in the free 
atmosphere, in particular in convective clouds, have been determined. Some laws governing 
the mechanism of the development of airmass clouds of stratus and cumuli form over plains 
and mountains have been discussed in (49-70). 


The airmass and frontal cloud systems and their variation with synoptic situations, the 
space structure of frontal cloud systems and the relation of their development to large scale 
atmospheric processes; some relationships between the microstructure of clouds and the 
conditions for cloud development and decay, characteristic values for the height of base and 
depth of different types of clouds and cloud systems and their association with physical- 
geographical regions are all investigated in (71 - 78). 
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VI PHYSICS OF THE GROUND LAYER OF THE 
ATMOSPHERE AND TURBULENCE 


Investigations in the physics of the ground layer of the atmosphere are closely related 
to studies of atmospheric turbulence. A great number of studies in the field of atmospheric 
turbulence are based on the so-called local isotropic theory of turbulence, published by 
A. N, KOLMOGOROV and A.M. OBUKHOV in 1941. A critical discussion and a further 
development of that theory may be found in (46). The structure of the temperature field in a 
turbulent flow is theoretically treated in works (47, 69). The theoretical results obtained in 
respect of the structure of temperature and wind velocity fields were verified experimentally 
by means of special instruments and were in good agreement with experimental data (32, 48, 
49). The basic ideas of the local isotropic theory of turbulence have found application in 
studies of the large scale structure of meteorological fields (66) and in the construction of 
instruments for the measurement of wind speed (70). 


In practical computations and analyses of processes taking place in the boundary layer, 
wide use has been made of concepts from the semi-empirical theory of turbulence. Proceeding 
from this theory, equations have been suggested for calculation of the coefficient of turbulent 
exchange from the vertical distribution of the temperature and windspeed in the ground layer 
for different stratifications (8, 9, 34). In more recent works (41, 26) the analogy method has 
been applied for the study of the role of stratification in turbulent exchange. Papers (1, 14, 
27, 33) deal with methods of the direct determination of heat and mass flow in the atmosphere 
from the direct measurement of the microfluctuation of meteorological elements. 


Great attention has been directed to the experimental and theoretical studies of the 
vertical distribution and time variation of basic meteorological elements. Experimental data 
on the vertical profiles of wind, temperature and moisture, obtained at stationary stations 
(51) and on some expeditions (14, 15, 27, 40, 52) have been analyzed from the viewpoint of 
turbulence theory suggested in (8, 9, 34, 41). 


Paper (3) deals with contemporary views on the relationship between the coefficient of 
exchange and the height, turbulent energy balance and the vertical wind profile up to gradient 
wind level. The theory of periodic and non-periodic measurements of temperature and 
moisture in the lower layers of the atmosphere and the top layer of soil (4, 19, 35, 67) as 
well as of the measurements of wind with time, has been worked out (5, 74). Proceeding from 
these studies, forecast methods for daily variation of temperature and humidity (4, 19, 34, 35, 
67), for the night minimum temperature (20, 65, 71), for intensity of dew(4) and for night fogs 
(including its characteristics) (4, 25) have been developed. The temperature and moisture 
variations over water surfaces have been studied and forecast methods for "Arctic Sea Fog" 


suggested (17, 59-61). 


A considerable number of papers (4, 18, 21-24, 36, 37, 64) have been devoted to the 
study of airmass modifications by surface influences. In these papers, stationary and place to 
place variations of temperature and moisture are studied. The equations obtained are utilized 


for forecasting temperature and moisture. 


On basis of results obtained regarding time variations of the meteorological elements and 
the modification of air masses, a theory of some practical methods of controlling the 
meteorological regime in the ground layer has been worked out. To this section belong also 
the papers directed to study of the meteorological effectiveness of combat methods for night 
frosts by smoke screen and open fires (4, 6, 7), by irrigation (4, 11, 12, 38, 62, 72) and by 
field protecting forestbelts (13, 16, 53, yee 


One of the most important application of the theory of turbulence is that for explanation 
of the distribution of foreign particles in the atmosphere. For the solution of this problem the 
equations obtained in the airmass modification studies (4, 36, 42) are applied for the spreading 
of impurities from the source. The diffusion theory is improved (14) for heavy particles. The 
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limiting rates of spreading of particles is studied in (39, 43). Papers (44, 45) on the theory 
of diffusion are based on the known relationship between the coefficient of exchange and the 
scale of turbulence. 


Papers (28, 50, 54-56) are devoted to the theoretical study of the effect of turbulence 
on the propagation of sound and electromagnetic waves in the atmosphere, 


Diffraction effects are also studied in these works and the results obtained are in 
good agreement with corresponding experimental measurements (29 - 31, 68). 
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